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Optimisation of a finite element mesh for plates subjected to in-plane patch loading 
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Abstract 
In designing in-plane stressed thin plates, the loading condition where the uniform distributed edge 
forces are locally applied along one or more of the plate’s boundaries are often encountered. This paper 
aims to investigate the optimal grid pattern that can be used in the analysis of the displacement and 
stress fields of a simply supported thin plate partially compressed. The plate modelling is created by 
means of an isoparametric rectangular element. This grid pattern is designed to satisfy good accuracy 
with low density. A convergence analysis is performed through different sets of meshes locally refined 
in a judicious way. For each focused field, the critical plate area is searched. Displacement and max 
stress values are recorded in the respective searched critical zone. Good results are obtained in seeking 
stress and displacement fields using respectively a small and a more expanded local refinement. 
Keywords: Displacement curves; Finite element analysis; Optimal grid pattern; Partial compression; 
Stress; Thin plates 
  
  
1. Introduction 
The use of high strength plates in many civil, mechanical and aeronautical fields (large span roofs, 
tall silos, bridges and spacecraft, marine and offshore structures provide just some examples) is quite 
common in modern applications [1]. These important structural elements are generally subjected to 
several types of in-plane or lateral loadings that may be applied separately or in combination with each 
other. Among these different loadings, the in-plane loads are often larger than the other types from the 
magnitude point of view [2]. The in-plane stresses may be tensile, compressive or shear depending on 
the practical loading conditions stemming from the structure use. 
Compressive stresses are the most common actions encountered in designing thin plates. Indeed, 
structural elements such as flanges must be capable to withstand partial compressive forces resulting 
from bending stress distribution, vertical stiffeners and thin webs should be able to undertake local 
compression field actions that derivate from shear loading [3]. Also, thin slender webs must be capable 
to resist heavy localised compressive stress due to patch loads which can result from wheel loads ap-
plied to flange of crane girder. Furthermore, in airframe a local compression is induced by an axial 
loading due to the action of the air loading on an aircraft wing; the aerodynamic heating of panels in 
supersonic aircraft can be approximated by non-uniform thermal compressive stresses as the tempera-
ture distribution is not uniform throughout the volume of the restrained plate [4]. 
Previous researches on finite element analyses of thin plates subjected to uniform in-plane loading 
have been carried out [2,5,6]. Although designers are always confronted to the issue of in-plane patch 
loadings, not enough studies have been carried out [7]. Rockey and Bagchi [8] presented finite element 
techniques for simply supported square plate under concentrated compression. Using finite element 
analysis, Gil-Martín et. al. [9] and Graciano et. al. [3] investigated the impact of in-plane patch loading 
respectively on the strength reduction in steel girders and on the behavior of unstiffened webs. Komur 
and Sonmez [10] and Prajapat et. al. [11] used the finite element method to investigate the elastic 
  
  
buckling behavior of rectangular solid and perforated plates under compressive loading. The first au-
thors found that the presence of circular holes did not decrease the elastic buckling load for both partial 
and concentrated loading and this was not the case with uniformly distributed loading. Meanwhile, in 
the second investigation the authors concluded that a plate with in-plane normal restraint at the unloaded 
boundaries behaves in the same manner as that subjected to bi-axial compressive loading.
 
Fig. 1. Uniform compressive patch loaded plate, a: half width, b: half length, l: half loading length. 
 
Before performing any finite element analysis of in-plane patch loaded plate such as stability, ulti-
mate stress or natural frequencies analyses, a basic stress analysis is needed. In solving this quite not 
common problem where singularity is generated by a dramatic change of loading condition, additional 
difficulties are encountered. Indeed, the critical zone, area surrounding the point where the loading 
stops, has to be searched and then clearly defined. Also, because of the presence of this singularity, 
accurate solution requires particularly very tight refined grids with large computer time consumption. 
So, localized refinement in the critical zone associated with a low density grid may be very convenient 
in reaching this solution. 
The present research deals with thin plates subjected to uniform compressive patch loading using the 
finite element method (see Fig. 1.). The authors aim to find the optimal grid, satisfying good accuracy 
with low density, which could be used in investigating displacement and stress fields. In this work 
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several convergence numerical tests has to be carried out. Different parameters such as the mesh pattern, 
the mesh density and the element shape have to be considered. In addition, the critical zone has to be 
defined. For this purpose, different sets of grids, regular with square elements and locally refined, have 
to be analysed. The tightest regular grid results are taken as reference and the critical zone is searched 
through various local refinements. The results of such research could be applied in seeking, for instance, 
the plate buckling shapes or the ultimate stress. In these issues, the displacement and the stress fields 
are respectively of particular interest. These results are also of practical importance when the solution 
in the immediate neighborhood of the singularity is of interest and when computations are performed 
for purposes of design certificate. This numerical analysis is performed with the commercial available 
software PAFEC-FE [12]. The obtained results are graphically summarised through displacements 
curves. Finally, some useful interpretations and a conclusion are given. 
 
2. Plate modelling and problem formulation 
2.1 Finite element version used 
In finite element analysis, the approximation of the results depends on the number of degrees of 
freedom and on the way in which it is increased. In fact, there are three ways of increasing the number 
of degrees of freedom. First, the number of elements in the mesh is maintained and the number of nodes 
per element is increased (i.e. increase in the polynomial order). This process is called the ‘P-version’ 
[13,14]. Secondly, the polynomial order is maintained and an increase in the number of elements is 
made. This process leads to a decrease in the elements size and is called the ‘H-version’ where H is a 
representative of the element dimension. Clearly, a very large number of very small elements gives a 
virtually continuous structure, the behaviour of which is similar to a complete plate [15]. Finally, both 
the polynomial order and the number of elements in the mesh can be increased in the same time. This 
last process is called the ‘H-P-version’. In the present work, the authors have used the ‘H-version’. 
  
  
 
2.2 Element type and capabilities 
The present work deals with the stress analysis of thin plate with constant thickness h. The eight 
noded isoparametric quadrilateral element shown in Fig. 2 is used. The element is flat and carries loads 
in its own plane only. The element has in its own plane two degrees of freedom ux and uy which are two 
independent displacements. The assumptions are: 
all bending and twisting effects acting out of plane of the element are ignored, 
 
 
 
 
 
 
 
 
− the gravity loads may give rise to loads perpendicular to the surface of the element. This load will 
have no effect on the element, 
− the stresses do not vary through the thickness of the element. 
 
2.3 Formulation of the plane stress analysis 
In order to derive stiffness and other element matrices, the finite elements are transformed in a very 
simple shape in (,) domain [16,17,18]. This reference element (see Fig. 3) has four vertices and three 
Fig. 3. Reference element. 
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Fig. 2. Eight noded isoparametric quadrilateral element. 
 
  
  
nodes along each of the element sides and the four vertices can lie anywhere in a plane. In practice, the 
eight nodes should form a shape that is quadrilateral with curved sides. To give a square of sides two 
units centred on the local coordinates axes  and  with vertex coordinates ±1 shown in Fig. 3, the 
following transformation is used: 
 
{
𝑥
𝑦} = {
𝛼1 + 𝛼2𝜉 + 𝛼3𝜂 + 𝛼4𝜉𝜂 + 𝛼5𝜉
2 + 𝛼6𝜂
2 + 𝛼7𝜉
2𝜂 + 𝛼8𝜉𝜂
2
𝛼9 + 𝛼10𝜉 + 𝛼11𝜂 + 𝛼12𝜉𝜂 + 𝛼13𝜉
2 + 𝛼14𝜂
2 + 𝛼15𝜉
2𝜂 + 𝛼16𝜉𝜂
2} (1) 
 
where x and y are the global coordinates. The transformation can conveniently be written in matrix form 
as: 
 
{
𝑥
𝑦} = [
[𝑃] 0
0 [𝑃]
] {
𝛼1
𝑡𝑜
𝛼16
}                                                             (2) 
 
where the row matrix [P] of eight columns contains the polynomial terms in (,). The i are the arbi-
trarily constants. The number of terms in the polynomial [P] is equal to the number of nodes in the 
element. 
As only the in-plane deformations are considered, the displacement field is completely defined by ux 
et uy which are the displacements in the x and y directions respectively. They are assumed to vary over 
the element in a manner corresponding exactly with the transformation assumption leading to the row 
matrix: 
 
[𝑈𝑥, 𝑈𝑦] = [𝑃] [{
𝛼17
𝑡𝑜
𝛼24
} , {
𝛼25
𝑡𝑜
𝛼32
}]                                                  (3) 
 
  
  
where the i i=17 to 32 are the arbitrarily constants. 
In order to derive the stiffness matrix, the strain energy and therefore the strains must be known. 
These latter are derived as follows: 
 
{𝜀} = {
𝜀𝑥
𝜀𝑦
𝜀𝑥𝑦
} = {
𝜕𝑢𝑥 𝜕𝑥⁄
𝜕𝑢𝑦 𝜕𝑦⁄
𝜕𝑢𝑥 𝜕𝑦⁄ + 𝜕𝑢𝑦 𝜕𝑥⁄
}                              (4) 
 
The stress vector is expressed as follows: 
 
{𝜎} = {
𝜎𝑥
𝜎𝑦
𝜏𝑥𝑦
} = [𝐷]{𝜀} with [𝐷] =
𝐸
1−𝜈2
[
1 𝜈 0
𝜈 1 0
0 0 (1 − 𝜈) 2⁄
]    (5) 
where E is Young’s modulus and 𝜈 is Poisson’s ratio. 
The strain energy stored in one element can be written in terms of the strain vector {𝜀} and the stress 
vector {𝜎} as follows: 
 
𝑈𝑒 =
1
2
∬ {𝜀}𝑇{𝜎}
𝑒𝑙𝑒𝑚𝑒𝑛𝑡
ℎ𝑑𝑥𝑑𝑦 =
1
2
{𝑢𝑒}
𝑇[𝑆𝑒]{𝑢𝑒}          (6) 
 
The matrix [𝑆𝑒] which is square and symmetric is known as the element stiffness matrix and the vector 
{𝑢𝑒} is the element displacement vector. The use of Castigliano’s theorem yields to the generalised 
forces acting on the element in terms of displacements. This is done by differentiating the strain energy 
Ue with respect to displacements in the following way: 
 
𝜕𝑈𝑒
𝜕{𝑢𝑒}
= {𝐹𝑒} = [𝑆𝑒]{𝑢𝑒}                                                           (7) 
  
  
 
Where {𝐹𝑒} is the generalised forces vector acting on the element. 
The writing down of the equilibrium conditions between elements for the complete structure in terms 
of forces and then in terms of displacements yields a set of equations system for the displacements 
which can subsequently be solved. These equations can be written as follows: 
 
{𝐹} = [𝑆]{𝑢}                                                                                (8) 
 
Where {𝐹} is the generalised forces vector acting on the whole structure and [𝑆] and {𝑢} are respec-
tively the stiffness matrix and the unknown displacements vector for the whole structure. By knowing 
the nodal displacements on each element, the stresses can be derived by using equation (5) after substi-
tuting the strains obtained through equation (4). 
 
3. Meshes Geometry 
3.1 Assumed critical zone localisation 
In order to find the more appropriate discretization for analysing the problem formulated in the pre-
sent work, four different kinds of meshes: A, B, C and D are designed. These discretizations are con-
sidered in an effort to identify the assumed plate critical zone. The use of a typical pattern presenting a 
fine mesh in this zone and a coarser mesh elsewhere, would be justified and would save computation 
time without sacrificing accuracy. 
At first sight, as there is a sudden change in the loading conditions at the plate boundary, it has been 
assumed that a zone of singularity could rise in the vicinity of the loading edge. Therefore, four points: 
P1, P2, P3 and P4 are judiciously chosen; they are positioned as follows (see Fig. 4) 
  
  
− P1 is the point where the distributed load stops, 
− P2 is at quarter width under P1, 
− P3 and P4 are located on the edge of the plate, respectively at the left and right hand side of P1 
and at the same distance from P1. 
 
 
 
 
 
 
Because the plate and the loading are symmetrical, only a quarter of the plate is analysed. The dis-
placements at Pi points are recorded. These displacements are ux and uy that are parallel respectively to 
the plate length and the plate width. In addition, the stress values all over the plate are derived and the 
stress values at the vicinity of P1 are recorded. 
 
3.2 Meshes Geometry description 
To compare the different results, the A meshes are designed by using the same square element 
throughout the plate. This design gives regular grids [2,7,3,4] that are quite commonly used in finite 
element analysis. It should be noted that, in this type of discretization, the increase in the element num-
ber leads to a virtual continuous plate, the behaviour of which is similar to the real studied plate. The 
results stemming from the tightest of these first dicretizations, that do not distinguish any region in 
respect to another, will be taken as a reference in the present study. In the other hand, in the B, C and 
Fig. 4. Quarter of uniform compressive patch loaded plate with 
a/b=0.1, l/b=0.8 and a/h=100. 
y 
0.75b
a/2 
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0.85b
0.80b
P1 
P2 
P3 P4 
a 
0 
b 
  
  
D meshes, the area surrounding the loading stop point is assumed to be critical and thus is subdivided 
in relatively tight way [5,8,14]. Also, this area is assumed to be more and more extensive up to cover 
all the plate width. The discretization details are described in the following. 
The A meshes depicted in Fig.5 constitute a set of three meshes that is obtained through uniform 
refinement by decreasing the size of the square element used. These mesh layouts are analysed in order 
to have a general idea about what it is happening over the plate without giving any particular attention 
to the singularities. 
Using elements with trapezoidal shape, the B mesh is drawn by subdividing very tightly the direct 
surrounding of P1, point where the loading stops. This model, in which the critical zone is assumed very 
tiny, is examined in order to see if the problem is particularly located at P1. This mesh is depicted in 
Fig.6. 
In the C meshes, the critical zone is assumed more extended than in the B mesh. Indeed, this critical 
zone extends up to the P2, P3 and P4 points. By means of square elements, this zone is much more 
refined than the neighborhood of the loaded edge. Elsewhere, the mesh is relatively coarse as shown in 
Fig.7. A set of three C meshes are analysed. 
Finally, a set of six discretizations noted D is analysed. In this last investigation, it is assumed that 
the critical zone goes beyond the area bounded by the Pi points and spreads all over the plate width, as 
it is shown in Fig.8. In this zone, the meshes are more and more refined by using different geometrical 
shapes of the quadrilateral element. Elsewhere, the meshes are uniformly discretized by rectangular 
elements in relatively coarse way.
 
 
 
 
  
  
Fig. 6. Discretization of mesh B with 138 elements and 890 degrees of freedom. 
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Fig. 5. Three discretizations of meshes A with: (a) 2x20 elements and 284 degrees of freedom, (b) 4x40 elements and 1 048 degrees of freedom, 
(c) 8x80 elements and 4 016 degrees of freedom. 
P2 
P4 P3 P1 
(a)  
(b)  
(c)  
Fig. 7. Three discretizations of meshes C with: (a) 66 elements and 446 degrees of freedom, (b) 130 elements and 842 degrees of freedom, (c) 
168 elements and 1 076 degrees of freedom. 
(a)  
(b)  
(c)  
P2 
P4 P3 P1 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Results presentation and interpretation 
4.1 Introduction 
As stated previously the aim of the present investigation is to find the more appropriate mesh pattern 
that it needs to be used in the partially compressed plate problems. The behaviour of such plates is 
examined through their displacement and stress fields. For this purpose, a thin simply supported plate 
along its central lines is analysed (see Figs. 1 and 4). The plate ratio is a/b=0.1 and the a/h ratio is equal 
to 100 where h is the plate thickness. The modulus of elasticity E=209×109N/m2 and the Poisson’s ratio 
Fig. 8. Six discretizations of meshes D with: (a) 68 elements and 460 degrees of freedom, (b) 111 elements and 726 degrees of freedom, (c) 120 
elements and 774 degrees of freedom, (d) 147 elements and 954 degrees of freedom, (e) 148 elements and 960 degrees of freedom, (f) 192 
elements and 1 224 degrees of freedom. 
P4 P3 P1 
(a)  
(b)  
(c)  
(d)  
(e)  
(f)  
  
  
ν is taken equal to 0.3. The 20×103KN/m compression is partially applied over a distance of 2l with a 
ratio l/b=0.8. In all meshes, the discretization is based on the rectangular isoparametric element de-
scribed in section 2.2. In the search of the optimal mesh, the thirteen meshes refined in different ways 
are treated. For each uniformly or locally refined grid, the displacements ux and uy at the four judiciously 
chosen points are recorded. In addition, for these meshes the maximum stresses at the direct vicinity of 
the loading stop point are recorded.
 
4.2 Displacements field results 
The displacements values are recorded for each point Pi i=1,2,3,4 located on the plate as described 
in section 3.1. Associated with corresponding relative errors, these displacements are shown in Table 
Table 1. Displacement ux and uy obtained from the different mesh discretizations. 
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A 
40 284 2.45 20.062 0.87 -4.788 0.00 23.013 0.09 -2.395 0.00 20.240 0.09 -8.977 0.24 21.671 0.09 -0.581 0.34 
160 1048 3.02 19.946 0.29 -4.788 0.00 23.033 0.00 -2.395 0.00 20.223 0.00 -8.997 0.02 21.654 0.01 -0.581 0.34 
640 4016 3.60 19.888 0.00 -4.788 0.00 23.034 0.00 -2.395 0.00 20.222 0.00 -8.999 0.00 21.652 0.00 -0.579 0.00 
B 132 890 2.94 19.836 0.26 -6.829 42.63 23.523 2.12 -3.684 53.82 20.896 3.33 -10.047 11.65 21.471 0.84 -1.074 85.49 
C 
66 446 2.65 19.946 0.29 -4.788 0.00 23.030 0.02 -2.395 0.00 20.227 0.02 -8.995 0.04 21.658 0.03 -0.583 0.69 
130 842 2.93 19.889 0.01 -4.788 0.00 23.032 0.01 -2.395 0.00 20.227 0.02 -8.997 0.02 21.658 0.03 -0.581 0.35 
168 1076 3.03 19.877 0.06 -4.788 0.00 23.032 0.01 -2.395 0.00 20.375 0.76 -8.552 4.97 21.800 0.68 -0.547 5.53 
D 
68 460 2.66 19.945 0.29 -4.788 0.00 23.031 0.01 -2.395 0.00 20.221 0.00 -9.001 0.02 21.652 0.00 -0.577 0.35 
111 726 2.86 19.904 0.08 -4.788 0.00 23.034 0.00 -2.395 0.00 20.222 0.00 -8.995 0.04 21.653 0.00 -0.579 0.00 
120 774 2.89 19.913 0.13 -4.788 0.00 23.114 0.35 -2.204 7.97 20.208 0.07 -9.106 1.19 21.753 0.47 -0.472 18.48 
147 954 2.98 19.927 0.20 -5.775 20.61 23.034 0.00 -2.395 0.00 20.201 0.10 -9.130 1.46 21.532 0.55 -0.717 23.83 
148 960 2.98 19.941 0.27 -4.788 0.00 ------- ---- -------- ---- 20.207 0.07 -9.106 1.19 21.638 0.06 -0.592 2.24 
192 1224 3.09 19.900 0.06 -4.788 0.00 23.085 0.22 -2.276 4.97 20.213 0.04 -9.067 0.76 21.715 0.29 -0.511 11.74 
  
  
1. The graphs in Figs. 9 to 12 represent the displacements ux and uy at respectively P1, P2, P3 and P4 
points. The vertical axis shows the displacement ux or uy at 10
-7 or 10-8 metre. The horizontal axis com-
pares the logarithm of the meshes number of degrees of freedom. The three curves link up the numerical 
results reached for a given set of grids: A, C or D. 
It can be seen from the above cited graphs that, as more elements are used in meshes A presenting 
only square elements, the displacements behave smoothly reaching up a constant value. As the meshes 
are more and more uniformly graded, they tend to give the characteristic of the exact solution called the 
smoothness [13]. In the present investigation, the tightest regular grid (third A grid) results are taken as 
reference. The second A mesh discretization is sufficient for achieving the searched displacements 
value with a maximum relative error of 0.35%. 
The B mesh, which is unique and tightly refined only at P1, gives values out of the range of the scale 
chosen for all the other results reaching up to 84.85% relative error as shown in Table 1. The results are 
far from the smoothness and therefore have not been represented on the graphs. Consequently, the 
tightened refinement that is localised only in a very reduced area of singularity is not the answer to the 
treated issue. This area needs to be wider. This fact will be confirmed by the other meshes results. 
In Fig.9, the plotted results obtained from the set of meshes C are close to the smoothness in respect 
to ux (with a maximum relative error of 0.29%) and they overlap the smoothness in respect to uy. This 
tendency is also encountered in Fig. 10 representing the P2 displacements field. On the other hand, in 
Figs. 11 and 12 representing respectively the P3 and P4 displacements fields, the C meshes give values 
which first follow the smoothness but then suddenly move away from this curve.  
This displacement behaviour could be explained by the increase in the number of elements with large 
aspect ratio. But, as very good results have been achieved at P1 and P2 with the same mesh, this behav-
iour led to the assumption that the critical zone has to be widened and be spread beyond the points P3 
and P4 covering all the width of the plate giving then the D grids. Meanwhile, the 130 elements C grid 
  
  
gave the same relative error (0.35%) as the 160 elements uniform grid. In searching results improve-
ment, i.e. minimum of number of elements in the mesh coupled with good relative error, the D grids 
are considered. 
First, it can be noticed from Table 1 results that when using the D grids, 68 elements are sufficient 
for reaching the same relative error (0.35%) as this obtained with the 130 elements C grid or the 160 
elements uniform A grid. This improvement in the result shows that the singularity area had effectively 
to be widened. Meanwhile, when the D meshes are strongly refined, the displacements exhibit oscilla-
tory behaviour with large amplitudes. On some graphs the fluctuations curve is located above the 
smoothness, whereas in some others it is below or it cuts the smoothness as it is the case in Fig. 12. The 
achieved results show that the use of high density mesh not always yields a solution with good accuracy. 
Indeed, it appears clearly from these results that the association of the increase of the number of ele-
ments with very large aspect ratio and of those with no right angles led to considerable error. 
According to the results reached through the different types of grid, it can be said that when displace-
ment field is of interest and the desired degree of precision is such that no more than 0.35% relative 
error is acceptable, then it is possible to evaluate the displacements directly from the first D grid with 
68 elements. A greater precision of 0.08% can be achieved by using the second D grid design with 111 
elements.
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Fig. 10. Displacements at P2: (a) in x direction, (b) in y direction. 
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Fig. 11. Displacements at P3: (a) in x direction, (b) in y direction. 
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Fig. 12. Displacements at P4: (a) in x direction, (b) in y direction. 
 
 
Fig. 9. Displacements at P1: (a) in x direction, (b) in y direction. 
 
  
  
 
4.3 Stress field results 
H-convergence analysis has also been conducted in searching the optimal grid that leads to the stress 
field of a uniform patch compressed plate. This analysis was performed through the designed grids 
described in section 3.2. 
As expected, the maximum stress values are located near the loading stop point P1. These obtained 
results are depicted in Table 2 that reports, for the one B grid and the three sets of grids (A, C and D), 
the number of elements used in each discretization, the maximum stress recorded in the P1 direct vicin-
ity and the relative errors reached. 
 
It can be noticed from the figures that the third grid of meshes A, taken as reference, was not the 
model at which convergence has been smoothly reached.  
Mesh B has overestimated the maximum stress value with a relative error of 40.26% and a fluctuating 
result was observed for all the other grids. As it was the case in seeking the displacement field, the 
Table 2. Maximum stresses in the P1 direct vicinity obtained from the different sets of grids. 
Type of grids Number of elements 
Maximum stresses 
/107[N.m-²] 
Relative errors in % 
A 
2x20 -0.49 36.36 
4x40 -0.67 12.99 
8x80 -0.77 00.00 
B 138 -1.08 40.26 
C 
66 -0.67 12.99 
130 -0.77 00.00 
168 -0.79 02.60 
D 
68 -0.69 10.39 
111 -0.74 03.90 
120 -0.73 05.19 
147 -0.72 06.49 
148 -0.71 07.79 
192 -0.75 02.60 
  
  
increase in the element number did not guarantee good accuracy and then the critical zone has to be 
judiciously defined. 
With meshes D, as the number of elements was increased a relative error of 2.60% was obtained by 
using the 192 elements grid. This last result was reached by using only 168 elements with the third 
mesh C. Grids D seem to be the less appropriate in searching the stress field. On the other hand, the 
second mesh C gave the best numerical result as it reached 0% of relative error with only 130 elements 
in comparison with mesh of uniform grid A where the number of elements was five folded. Conse-
quently, the second mesh C with a confined critical zone seems to be the most appropriate in evaluating 
the maximum stress in respect to the problem treated in the present work. 
  
5. Conclusions 
An H-convergence analysis has been performed on thin plate subjected to uniform compressive 
patch loading. The numerical tests have been conducted through different mesh patterns in order to 
select the optimal grid that can be used in seeking the displacement and the stress fields. 
Very good results were obtained by means of locally refined mesh with 0% of relative error in 
seeking the stress field. Thus, refining finely a confined rectangular area, whose length is twice its 
width (width that is about one quarter of the considered plate), around the loading stop point was 
sufficient for reaching the wanted results. 
On the other hand, when the displacement field was of particular interest, a mesh with more ex-
panded locally refined area gave relatively good results. In respect to the tightest uniform grid taken 
as reference, only 10% and 17% of elements were needed to achieve respectively 0.35% and 0.08% 
maximum of relative error. 
It has been shown that refinement in the singularity area gave good accuracy; the results indicate 
that proper mesh design is effective for controlling the error specially in the immediate vicinity of 
  
  
the singular points. Also, it has been seen that the way in which the mesh is graded may lead to 
considerable error. So, when increasing the local refinement density, large aspect ratio and no right 
angles elements have to be avoided all over the plate and when this is observed, the desired results 
could be achieved efficiently. 
Finally, it can be said that the designed sets of grids were find to be an effective analysis tool as 
the results obtained in this specific investigation could be applied in plate stability analyses such as 
buckling, in a strength checking or in seeking the required plate dimensions. Lastly, further research 
could involve undertaking numerical work in order to find the optimal grid pattern that could be 
adopted in other types of patch loadings with different boundaries conditions. 
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